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FIELD OF THE INVENTION 

The present invention relates to spUcing optical fibers by fusion using heat obtained from 
inftared light emitted by a laser. 
BACKGROUND 

5 Splicing optical fibers using laser Ught can be traced back to die pioneering work two 
decades ago, see K. Kinoshita and M. Kobayashi, "End preparation and fusion of an optical fiber 
anay with a CO2 laser", Appl. Opt, Vol. 18, No. 19, pp. 3256 - 3260, 1975, and H. Fujita, Y. 
Su2aki and A.Tachibana, "Optical Fiber Wave SpKtting Coupler", Appl. Opt, Vol. 15, No. 9, pp. 
203 1 - 2032, 1 976. The concept using a CO2 laser as a heat source for splicing optical fibers was 

10 disclosed in French patent FR-2323646, May. 21, 1977. inventors Hiroyuki Fiflita et aL An 
apparatus designed for splicing trunk fibers and multi-fibers using a CO2 laser was invented in 
1981 and 1982, respectively, see U.S. Patent No. 4,288,143, Sept 8, 1981, for Pielio Di Vita et 
al., and U.S. Patent No. 4^50,867, Sept 21, 1982, for Kyoichi Kinoddta et al. An automated 
laser splicing system was intiwiuced in 1991, see U.S. Patent No. 5.016,971, May 21, 1991, for 

15 Hui-Pin Hsu et al. A number of extended appUcations related to tedmiques of laser spUdng were 
also proposed, e.g. restoring carbon coating fihns on optical fibers using reactant gas and laser to 
improve tensile strengfli and fatigue, see U.S. Patent No. 4,727,237, Feb. 23, 1988, &r 
Christopher A. Schantz, achieving high-strengtf» splices witii the assistance of sulphuric acid 
stripping and laser, see U.S. Patent No. 4,971,418, Nov. 20, 1990, for Carl S. Doisey «t al., and 

20 repairing micio-awsks in and improving die mechanical strengdi of aged fibers with lasa light, 
see U.S. Patent No. 5,649,040, Jul. 15, 1997, for Oaian Ljungqvist et al. 

Fusion spUcing using laser light has maoy advantages over conventional m^ods, sndi as 
methods of fusion splicing using the heat in an electric arc, mechanical q[>lidng, ^lidng uang a 
hydrogen/oxygen flame, etc. This is because the laser can ddiver an intense ligjit beam of high 

25ene3cgy and having a hig^ unifonnity and iq>eatabitity in a very localized area and therefore it 
can be used fbr {Kocesses requiring a M0x accuracy, e.g. fx hig^ precision cutting of optical 
fibers, see the pnblidied European Patent Application No. 0987570, inventor Heniicus Jozef 
Vergeest Due to the absoice of electrodes or filonents such as used in fiidcm processes using an 

dectric arc, the laaa is consideied to be a "dean heat source!" whidi does not contaminate 
30 splicing joints and it is. therefore, believed to be the most suitable heat source for Mgh-stitmglfa 
slicing. 

Tbou^ significant progress in splicing tedmology uang laser li^t was achieved in the 
past two decades, industrial applications of laser splidng of optical fibers are still limited. No 
commercial laser splicers are, at presoit, available in foe market This might be due to primarily 
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technical reasons. e.g, higji demands on the quaUty of laser beam, on the beam aUgnment and 
control systems, on the protection of operators to the laser radiation, etc. and a poor under- 
standing of Uie lather complicated nature of spUang processes using laser li^ TlniS. there is a 
need in the art to establi* generd concerts of the way in which a fiision spUcer 
5constructed diat uses laser light and allows that controllable fiision processes can be auto- 
matically performed in order to handle different fusion processes for all types of optical fibers. 

design of a spUcer ustag laser Ught should also fulfil the requirements for large-scale manu- 
fectuie. e.g. the sj^cer should be small, compact, robust, totally safe for operators and it should 
be easily served and maintained. 
10 The understanding of the fusion process of splidng. using laser ligjit is very important for 
constructing a spUcer using laser Ught In a comrentional splicer, e.g. a fiision splicer using an 
electric arc. tte high temperature needed for spUdng. over 1 800 "C. is mainly obtained by an 
electric arc that creates a plasma from residue gases, e.g. air, surrounding the optical fibers, 
wher^ die fijsion processes using laser Hghtcanbe mainly attributed to stro^^ 
15 energy of the laser directty in flie fibers to be spliced. The experimental evidence for 
supporting Ae process of optical absorption in splicing using laser Ught is the weak dependence 
of fiwion temperature on changes of enviromncSt, e.g. aWtade. humidity etc., and the strong 
dependence on die operating wavdengtii of die laser sources used. 

Light emitted by CO2 lasers is known to be strongly absorbed by many complex sub- 
20 stances, e.g. paper, wood, ceramics, plastic, glass, liquids, granite etc. To date, the COj laser is 
die only laser practically used for splidng optical fibers. In conventional systems, CO2 lasers 
having m operating wavelengfli of 10.6 m are used. Fig. 1 shows infrared absorption spectra 
obtained fiom germania-doped silica glass. GeOa-SiOj. phosphosiUcate glass, PjOs-SiOz, 
borosiHcat* glass. BiC-SiO,, and fiised silica, see H. Osanai, T SWoda. T. Motiyama. S. Arata, 
25 M. Horigudu, T. Izawa, and H. Tdcata, ♦Effect of Dopants on Transmission Loss of Low-OH- 
Content Opticd Fibers". Electron. Lett. Vol. 12, No. 21, pp. 549 - 550, 1976. It can be observed 
that at die wavdength of 10.6 jun. a relative weak absorption of about 15 % is obtained for sUica 
gteas. From dose inspection, it is found tiiat. at this wavelength of 10.6 pm. die absorption 
staongly depends on die diffetem dopants in tiie fibers and the absorption varies in die range of 
30 10 - 30 %. Uris means tiiat fiision processes and ihe physicd characteristics and parameters 
tiieieof ar« strongly dependent on tiie actual type of fibers to be spUced, e.g. die homogendty of 
and die quantity of different dopants in fixe fibers. Furthermore, since die wavelengtii of 10.6 m 
is located in a region where die dworption for die mentioned glasses has a very steep change 
witii die wavdengd.. smdl deviations of wavelengdi, diat for example are obtained in die 
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manu^ctute of CO2 lasers - typically there exists a deviation of about i©.3 fm - ofia result in up 
to 20 % drift in absorption, this impties that the optimized fimon parameters may work perfect- 
ly fiw one splicer, and Umt Aey mi^t be completely un^licable in anoilier ^licer, HierefoT^ 
in onier to adiieve large-scale manu&cture of identical spticers, hi^ donands on flie mami^ 

sfiusture of identical lasers have to be set, e.g. reqiiiiing a higijb accuracy as to Ae operating 
wavdength and a Ugh stability as to optical power issued, which mis^ not be realistic. 

Various optical arrangements for ^licers using laser li|^ have beai proposed in the art, 
see e.g. U.S. Patent No. 5.161,207, Nov. 3, 19S>2. for Joseph L. Pikulski, and U.S. Patent No. 
5339,380, Aug. 16, 1994. for Joseph A. Wysodd et al. In fliese patents two types of beam 

10 expanders and beam fynaing tqpparatus are disclosed. The first patait mentioned uses movable 
minxns to deflect a col&nated beam to form a diverging conical beam, which thai is reflected by 
a paraboloid mirror to form a convergent conical beam that is in turn focused towards the optical 
fiber. The second pat«it uses a beam esqpander to expand die beam width of a collimated beam, 
widcfa is diffli reflected by a paraboloid mirror diat focuses the beam towards the fiber joint For 

15 both fliese patents ttie splice position of die fibers is located inside the unfocused part of the 
beam. For the first patent, an indirect alignment of die beam emitted by the CO2 laser is 
perforated by -visual observation of the beam of a helium-neon laser of low power. The beam of 
the helium-neon laser may then be switched alternately into the same beam path as that of the of 
CO2 laser via a removable minor. When this minor is in place it also blocks the ligjrt firom the 

20 CO2 laser, if any. For the second patent die alignment of the CO2 laser beam is controlled by 
sensing the amount of light emitted by die CO2 laser and scattered to the side fiom the spUce 
position. 

SUMMARY OF THE INVENTION 

It is an object of the inv«idon to provide an efficient mediod of fusion splicing optical 
25 fibers using laser light 

It is another object of the invention to provide a stable and compact device for fusion 
splicing optical fibers using laser light 

It is anoflier object of the invention to provide a device for fiision splicing optical fibass 
using laser light and having efiSdent arrangonents for aligning the laser beam with the fibers to 
30 be spliced to each otiior. 

It is another object of the invention to provide a device for fosion splicing optical fibers 
using laser light and having appropriate safety precautions for the beam. 

Thus, for splicing optical fibers to eadi odier, light from a CO2 laser is used in whidi a 
specially selected operating wavelength is used. In particular light of a wavelengdi in lie deep 
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infrared range is used where heat absorption by the glass material of typical optical fibers is 
sufficiently high. For the fUsion spUcing a COj laser preferably operating at the wavdength 93 
urn is used, this wavelength being selected to give absorption that is higher and has a smaller 
dependence on small variations of the wavdengfli than for a CQ2 laser operating as conventional 
s at the wavelength 10.6 jim. The wavdengfli of 9.3 jim gives nearly maximum absorption for 
many glass materials. As a consequence of the high absorption, ihe laser can have a reduced 
power and the laser light produced a smaller intensity. Thereby, such a laser has lower 
febricaiion costs and also it is m<OT inan^eatole ftom a safety ponit of view. 

Also. Ae region at the joint to be made betweai the two fibers to be spliced can be placed 

10 well outside of the main, direct beam of the laser. This is made possible by deflecting Ihe laser 
beam by a concave minor havtag e.g. a neariy paraboloid shape diat makes the laser beam 
converge in the direction of the jotot, thereby at the same time increasiiig the power density of 
die beam at regions at the jomL No other modification and formation of the beam is necessary to 
achieve a suitable spot size of die laser beam at the joint This gives the toaer splicer a shnple 

1 s structure ccmipared to CO2 laser splicers according to prior art. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The followmg dmwngs are referred to in the following description of particular 
embodunehts by wjqr of example only, and are not to be thou^ of as limitative, hi the 
drawings: 

20 - Fig. 1 is a diagram of the transmittance of the glass materials of some typical optical fibers for 
light as a function of the waveilengih m the wavdeng^ range of 2.5 - 25 |im. 

- Fig. 2 is a diagram of en«gy as a fimction of quantum numbeis of vibrational levels of the CO2 
molecule, die diagram in particular showing possible ksa: transitions. 

- Fig. 3 is a sdiematic view of the optical system m a laser spUcer for beam afignment and 
25 trBDsmissioxL 

. Fig. 4 is a sdiematic overview of the optical system of a laser splicer. 

- Fig. 5 is a blodc diagram of die control system of a laser splicer. 

- Fig. 6 is a diagram of laser power and the displacement of fiber ends as a function of time, die 
diagram illustrating die sequential steps used m a laser spUcer set to operate witii spUcing 

30 parameters for splidng SM fibers to each otiier. 
DETAILED DESCRIPTION 

The transmission padis of die Ught rays in a fusion spUcer using laser Ught for heating ends 
of die fibers to be spUced to each otiier ai« shown in Fig. 3. A CO2 laser 109 ddivers a direct. 
colBmated Ught beam 20 having a diameter in tiie range of 2 - 4 mm, preferably substantially 
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3inm, A beam combiner 28 including a semi-transparent minor is placed in the direct beam 
from the COj laser and allows ihe light in Ae direct beam to pass essentially imaflBscted 
tiiwthrou^ The beam combiner 28 has an umer reflecting surftce located in an angle of 45* to 
the direct laser beam. Ihe angled surfece reflects Ught fiom a pomting li^t source such as a 

s laser diode assembly 24 to pass in the center of and parallel to die beam of the CO2 larar for 
ahgnment purposes. The direct light beams issued by the pointing light source 24 and the CQ2 
laser 109 are thus directed peipendicularly to each oth«r, and the tilt angle of the reflecting 
sur&ce or semi-transparent minor inside flie beam combiner 28 to the direct beams is 45**. The 
direct beam 20 issued by the CO2 laser continues towards and hits a mirror 10 having a concave 

10 sur&ce of nearly paraboloid shape. One suitable design of this mirror is a so-called off-axial 
paraboloid mirror, wMdi has two main optical axes, a center ray axis and a deflected ray axis. 
The angle 6 between these two axes is fixed by the design. In this oont^t an optimum alignment 
of an off-axial paraboloid minor is whore the center ray axis coincides with to flie longitudinal 
axis of the incident collimated beam of the CO2 laser. As depicted in Fig. 3 both ttie incident 

ISCC^ laser beam and the li^t beam originating fiom the laser diode assembly 24 are tiien 
reflected along the deflected ray axis. These beams then converge towards a fi>cus located at 
some small distance, e,g. a few, 3 - 4, cmtimetras from the collimated dkect beam 20 issued by 
die CO2 laser and also located at a small distance e.g. in ttie range of 3 - 5 cm firom die minor 1 0. 
Beyond the focus the oonveismt beams continue to form divergent beams. The observed 

20 diameter of the spot of the reflected beam fixim flie CO2 laser depends on die distance between 
die spot and the sur&ce of the mirror 10. 

Fig. 4 is a sdiematic overview of ttie optical system of a laser splicer, hi Fig» 4 die concave 
minor 10 is die only visible componait also drawn m Fig, 3. The mirror, which eg. can be an 
off-axis paraboloid mirror as indicated above, is seen to be located at the side of the fiber ends to 

25 be sliced. A proper adjustmmt of die mirror 10 about its optical axis 35 can be achieved using a 
precisely controllable mirror mount 5, This makes flie mddent beam be reflected by the concave 
minor in such a way, see Fig. 3, ttiat a suitable splice position 30 for die ends of the optical 
fibeis I, r is set slis^tiy at the side o^ i.e. at a relatively small distance of, die focus region of 
die CO2 laser beam. The diameter of die lig^it spot of die beam is set to be m die range of 300 - 

30 500 pm at the splice position 30 ui order to obtain a region that is homogeneously healed by the 
laser beam in both transverse and longitudinal directions of the fiber ends to be spliced. The 
deflection angle of die CO2 laser beam, Le. die angle between die longitudinal a}ds of die direct 
incident ltg|ht beam and the center ray through the focus region of the concave minor is also 
controlled by the minor mount 5. In case of an o£F-axial paraboloid mixrar an optimum 
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deflection angle corresponding to a diarpest possible focus equals the angle 9. A suitable vahie 
of the deflection angle is in the range of 45 - 75% preferably substantiaUy 60° for tfie optimum 
angle. At this angle the distance between the longitudinal axis of &e direct inddent beam 20 of 
die CCh laser and the q)lice position 30 can e.g. be about 40 mm. 
5 In order to control the alignment process of the Uglit beam fiom Ae COa laser 109, the 
collimated light ftom the pouiting light source 24 is used to guide the invisible beam of the laser. 
The pointing li^ source comprises a laser diode, not shown, radiating e.g. viable red at a 
wavelength of about 650 nm. As has been described above, the light fiom die pointing light 
source is directed into the direct Ugjitbeam ftom the CO2 laser 109 via the beam combiner 28 
10 that can be made from ztnc-selenide, and propagate towards the concave miirrar 10, wiiwe it is 
reflected and directed to the splice position 30 of die fibers 1 , 1 * to be sjdiced. The geometry of 
the beam fiom the pointing U^t source 24 is everywhate substantially the same as that of fiie 
beam from the CO2 laser, Le. after having been reflected by die beam combuier 28, the light 
beam fiwn the pointing lijibt source is coaxial widi die direct collimated liight beam 20 fiom the 
15CO2 laser and its cross-section is substantially die same as that of die beam 20. When using die 
alignment beam from die pointing Hght source 24, the COj laser beam is first switdicd oS, so 
diat die alignment can be performed safely at a low optical power. Then, when the CO2 laser is 
switohed on, the same spot size can be expected at die optical fibers 1, 1' to be spliced at die 
splice position 30 without any fiudior adjustment 
20 As is conventional and is seen in Fig. 4. die optical system of a laser spUcer finr aUgnment 
of the fiber ends with eadi odier and image analysis includes two light emission diodes. LEOs, 
40, two lenses 50, two minors 60 and a beam combiner 70. The LEDs 40 are used ftw 
aiumini^on of flw joint region 30 between die two optical fibers 1, I* to be spUced. They are 
fiodieimore arranged to emit their light in two directions perpendicular to each odier and also 
2S perpendicularly to die longitudinal direction of die fibers. After passing die fibers 1 , T. die light 
fiom die LEDs is fiicused and collimated by tiw two lenses 50. The light rays are dien deflected 
by two minors 60, directed to the beam combiner 70 and hit a charged coupled device, a CCD- 
camera 80. 

Tlie unage processing system uichides die CCD-camera 80 comprising an area having li^t 
30 sensitive elements, and a videoboard 120 comprising corresponding control software. The cold 
and hot unages, oonesponduig to die fibers illuminated by die LED and heated or not heated by 
die laser beam, respectively, are thus collected via the videoboard 120 and processor interfece 
boards 135 and deUvered to a processor 140, in tiiis particular case used for image analysis and 
processing, but also used fiir fiision process control. The processed images are dfaplayed on a TV 
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monitor 145. Using intellig^ software, the infimnation needed for fiber alignment, e.g. 
positions of the fiber ends, tfue fiber orientations, fiber oore/cladding ofSset etc^ and the 
infonnation required for real tune control of the fiision process, see e.g. W. Zheng. *Tleai time 
control of arc fijsion for opticd fiber splicing,- IEEE J. Lig|itwave Tech., Vol. 11, No. 4, pp. 
5 548 - 553, 1993, and also the infonnation needed for ^lice-loss estimation is extracted and 
analyzed. The analyzed results are sent to Ifae control ^stem for executing different tasks in the 
fiision process. 

Fig. 5 is a schematic view of the control systoi 100 for the medtanical and electrical 
adjustment of various components, includmg those of the fiision splidqg process, hi the splicer, 

10 thm are two retainm 105, m which the end porti(»is of the fibers 1, T are placed and firmly held 
during the splidng process. The retainers can thus move ttie fibers in three ortihogonal coordinate 
dirwtiom. The retainers are mounted on suitable mfichanicd g^ 108 
controlled by fiie microprocessor 140 via a driver boatd 125 and intarfiuje 135. The fibers 1, 1 ' are 
illuminated ahsemately ftom two perpendicular directions by fiie LEDs 40 and as already discussed 

15 above, images takm by the CXID-camera 80 are sent to the video board 1 20, ftom whidi die analog 
signals are converted to digital signals on the int^iace boards 135 to be processed fiirlfaer by the 
microprocessor 

140. The TV monitor 145 is used for displaymg direct and processed miages. 
The automated fiiaon processes, e.g. aligning two fibers 1 and T, setting ftie mutual 
boundaries for two prefiised, just softened fiber ends, pullii^ the fiber ends slightly apart during 

20 splicing, etc., are synchronized with the power^enetgy control of ttie CO2 laser. 

Laser action of fiie COi laser 109 can advantageously be achieved by transverse plasma 
exdtadon wifiiin the laser cavity by pulses of a radio frequency carrier of about 45 MHz, TTie 
powffl/Mieigy control of fiie laser beam is achieved by pulse width modulation, PWM, of &e radio 
frequency carrier. Based on the characteristics and set parameters of the fiision process, a sequence 

25 of modulated dgnals is genetatcd by the microprocessor 140 and sent to the laser driver 130 via the 
processor mtafiu» boards 135 and a digital to analog converter, DAC 132. These signals are used 
to switdi the CO2 laser on and off at time intervals which are synchronized with the automated 
fiision processes. By adjusting tiie PWM on-time percentages, i.e. the PWM duty cycles, the output 
power and mergy of the laser beam is detennined, e.g, an output signal of 2 volts from fiie DAC 

30 132 may coirospond to 20% of the PWM duty cycle. An additional ^ckle signal" having a clock 
frequency of 5 - 20 kHz is also sent to the laser driver 130 for pre-ionization of CO2 molecules. The 
pulse width of the 'tickle signal" is around I \is. The **tickle signal" excites CO2 molecules into a 
plasma state without giving rise to laser emission since the pulse width is just below the laser 
throshold, the typical value of threshold needed for laser emission being around 3 iis. This 
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feature ensures a neariy imtantaneous lasing response to the switdi signal discussed above, wifh 
a delay less Hum e«g. 50 ms. 

There exist two laso: transitions between vibrational levels of the CO2 molecule, see Fig. 2. 
The transition from symmetric stretch mode (0,0,1) to asymmetric stretch mode (1 ,0,0) results in 

5 laser opmtion at 10.6 ^m, whereas the odier transition from symmetric stretdi mode (0,0,1) to 
bending mode (0,2,0) yields laser operation at 9.4 ^nL Preferably, a CO2 laser with an operatmg 
wavelength of about 9.3 \xm is used for splicing. The selection of the las»ng wavelength 9.3 fun is 
made possible by a proper optical and mechanical design of the laser waveguide and also by 
choosing a suitable gas mixtuie of carbon dioxide, nitrogen and hefium finr the laser. Since the 

10 wavelength 93 ^m is located in the middle of the absorption band of silica glass, see Fig. 1, 
drawbacks in using laser light of the wavelength 10*6 pm can be overcame or at least strongly 
reduced. From Fig. 1, it can be clearly seen that the absorption is nearly constant for small 
variations of the wavelength around the wavelmgth 9.3 ixm for the types of fibers the 
transmittance spectra of which are shown. The absorption is also significantly increased from 

15 1 5 - 30 % up to 70 - 90 % for different types of fibers when using light of the wavelength 9.3 van 
instead of light of the wavelength 10.6 fxm. This implies that the demands on the laser source, 
e.g. power level, power stability, small wavelength deviation etc., are significantly reduced. 

Comparison experiments have been performed regarding the damage fluresholds, the 
minimum eneigy/power required for making a micro-crack on the cladding of a considered 

20 optical fiber, using CO2 lasers operated at 10.6 \un and 9.3 ^m, respectively, for diffr^ent types 
of fibers. The results are summarized in Tables 1 and 2: 



Table 1. Damage threshold test using 10.6 ^m CO2 laser 



Fiber Types 
(125 |am cladding) 


Beam Spot 

(Hm) 


Power Density 

(W/mm^) 


Damage Threshold 

(J/mm^)xlO-' 


Single-mode fiber 


180 


280 


42 


Erbium-doped fiber 


180 


280 


42 


Coming LEAP 


180 


280 


42 



25 Table 2. Damage threshold test using 9.3 (mi CO2 laser 



Fiber Types 


Beam Spot 


Power Density 


Damage Threshold 


(125 |im cladding) 


(jim) 


(W/mm^) 


(J/mm^ X 10-^ 
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Single-mode fiber 


180 


140 


15.5 


Erinum-doped fibo- 


180 


140 


14 


CcmiingLEAF 


180 


140 


23 



Hiese data and the absorption data show that the heat efficiency is enhanced for difiSerent 
types of optical fibers by, at least, a fiictor of 4 comparing a 93 \im CO2 laser to 10^6 jmi CO2 
laser. Thus the dimensions of the laser can also be reduced by approxhnately a fector of 4 since 
5 the lengdi of Ias« is proportional to the total ou^ut power, assuming that Ihe cross-section of the 
gassing area for laser excitation is kfspt the same. 

Therefore, when using a CO2 laser operated at tfie wavel«igth 9.3 jmi to produce a ligjit 
beam for heating the splice position of optical fibers, also flie laser fusion splicer can be 
constructed to totally have smaller dimensions. 
10 Laser radiation is known in general to be very hazardous to human beings, e.g. eyes and 
skins. No reception to tiiis exists at a lasing wavelength of 9.3 jim. In tiie splicer proposed 
herein, the laser beam is terminated by a graphite beam damper 25 to prevent direct and scattered 
laser radiation exposure to operators, see Figs. 3 and 4. The beam damper 25 is located in tiie 
divergent portion of tiie beam, where flie optical spot-size is about 1 mm in diamcfca:, after tiie 
15 concave mitnn' 10 and tiie fiber splice position 30, and it is attadied to a metal radiatcMr, not 
shown, for heat dissipation. In tiie active area of tfie laser beam, e.g. in ttie splice or fiision region 
30, the beam is craipletely sealed by an interlock system including bofli mechanical and electric 
beam shutters, not shown! Indicators, not shown, can also be installed, indicating wheflier the 
beam is on or oil; and fiirtiier indicating feilure of mtemal dectronics, e.g. tiie laser control 
20 circuits. 

Fig. 6 is a schonatic diagram Ulustrating flie laser power and distance between fiber ends 
in a ^ical sequence of processing steps used fiir splicmg two standard single mode (SM) fibers 
to each otiier. After placing two SM fibers in the retainers 105, a process of rough alignment is 
first executed, moving tiie fiber mds into the fiision area to have tiidr end surfcces located at a 

25 predetemiined distance of each othor. A laser beam having a relatively low power is ignited for 
0.3 seconds in oidw to remove possible micro-dxist remainmg on the surface of fiber ends. While 
analyzing their cold images according to the above discussion, the fiber «ids are moved towards 
each otiier until a touch point is found. The touch point is defined by a 50 % reduction of light 
intensity between the fiber end surfaces. Then, a fine alignmOTt is performed to minimize the 

30 core/cladding ofiset between two fiber ends, after which tiie ends are moved apart to a 
predetermmed position at a ^p of typically 50 pm, in order to remove hysteresis in tiie 
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mecbanical system. A laser beam of low pow^ is then applied for pre-heating so ttiat the fiber 
ends become soft and are slightly defomied. At the same time flie ends axe again made to 
approach eadi odier, and after a wlule^ the slig^ly deformed ends wiU again touch. Then, aft^ a 
very short instant, when the area of the common bonndaiy between the touching ends becomes 

5 sufficiently large, the fusion beam starts. The typical laso^ power and die typical duration time 
for the fusion splidng are about 1 W and I second, respectively, the laser power generally being 
in the range of 0.8 - 1 W. 

High perfonnance can be expected when using the splicer as described l»:em for splicing 
standard SM fibeis. Low splice losses, 0.03 dB at an average, can be mperimenftally achieved by 

10 carefidly optimizing the fusion process and the fusion parameters. 

One advantage related to the optical arrangement of the present syston is that no extensive 
beam e7q)ansion and beam foiming is needed, which may cause unnecessary optical attenuation 
of the beam. The only beam forming operation carried out for the CQ2 laser 109 is diat obtained 
by the concave mirror 10, by which the light qK>t at the splice position m^ be varied in size and 

15 location by the independmt diange of three coordinates of this mirror, takm widi respect to 
thiee orthogonal axes, one of which mcKy be paralld to the longitudinal axis of the collimated, 
direct beam firom the CO2 las^* The splice position may thus be located wdl outside the direct 
beam, which is a great advantage from a safety point of view. By the above discussion it is also 
obvious that the laser power requironaits of the present syston at the wavelength 93 pm is 

20 much lower than that at 1 0.6 |un, reduced by at least a ftictor four. This is also an advantage for 
safety reasons as has been already mentioned, and also since the laser now may be made much 
more compact and smaller. Furthermore, also because the beam is subject to less optical 
attenuation in the splicer described above, the light source for indirect alignment of the CO2 laser 
beam and contained in the laser diode assembly 24 may be a compact and very low power 

25 semiconductor laser, emitting red light in the visual wavelength range. 
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CLAIMS 

1 . A device for fusion splidng ends of two optical fibers to each other comprising: 
- retainers for optical fibers adapted to hold ends of two optical fibers with &id sur&ces placed at 
each other in a splice posdtion, 

5 - a COz laser emitting light to the splice position, 
eharacterized by a mirror having a curved concave surface located to deflect a coUimated direct 
light beam emitted by the CO2 laser towards fhe splice position and to make it converge to a 
focus in the direction of the splice position, fhe ^lice position located at a distance of tiie 
collimated direct light beam. 

10 2. A device according to claim 1, characterized in that fhe concave minor and the 
retainers are adapted to make the splice position be located a xeladvely small distance of a focus 
of the coUtmated direct light beam as reflected by fhe concave minor. 

3. A device according to claim 1, characterized by fhe surface of the concave mirror 
having a nearly paraboloid shape, in particular tiie concave minor being tiie off-axis paraboloid 

istype. 

4. A device according to claim 1, characterized In lhat the emission wavelengdi of the 
CO2 laser is substantially 9.3 pm. 

5. A device according to claim 1, characterized in that the diameter of fhe collimated 
direct laser beam emitted by fhe CO2 laser is m fhe range of 2 to 4 mm, prefembly substantially 

20 3 nam. 

6. A device according to claim 1, diaracterized in fhat the maximum power of the CO2 
laser is in fhe range of 0.8 U> 1 W. 

7. A device according to claim 1, eharacterized In fhat the angle 8 with which the 
collimated direct lig^t beam of fhe CO2 laser is deflected by the concave mirror is in the range of 

25 45 to 70^, in particular substantially 60^. 

8. A device according to claim 1, characterized In that die collimated direct light beam 
emitted by fhe CO2 laser is focussed by fhe concave minor to a point located 30 to 50 mm in 
front of fhe concave mirror. 

9. A device according to claim 1, characterized in that the distance between the center of 
30 the light spot at fhe splice position and a center axis of the collimated direct light beam emitted 

by the CO2 laser is in fhe range of 30 - 40 rrim, in particular substantially 40 mm. 

10. A device according to claim 1, characterized in that the diameter of the light spot, 
produced by light emitted by tiie CO2 laser and deflected by fhe concave mirror, at the splice 
position is in the range of 300 to 500 ^m. 
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11. A device according to daim 1, characterized by a beam damping device located to 
receive and absorb the light that is deflected by the concave mhror and has passed the splice 
position. 

12. A device according to daim 1, characterized by a pointmg light source issuing light 
5 formed and dkected to fonn a li^t beam located and fomied substantially as flie collimated 

direct light beam emitted by the CO2 laser, ie. bring coaxial flierewith and having substantially 
tfie same onoss^-section. 

13. A device accoiding to daim 12, characterized In that the pointing light source 
conqttises a laser diode emitting light in the visible range. 

10 14. A device accoiding to claun 13, characterized in that the oporatmg power of the laser 
diode is ui the range of 5 to 10 mW. 

15. A device according to claim 12, diaracterized by a semi-transparoit or semi- 
reflecting mirror that is placed so that die collimated direct Itgiht beam emitted by the CX52 laser 
passes the minor and that directs light from flie pointing lis^t source to become coaxial with the 

15 collimated Arect ligiht beam. 

16. A mediod effusion splidng ends of two optical fibers to eadi other, characterized by 

the successive steps of: 

- alining the ends to have end sur&ces near or in close contact with each other at a splice 
position, 

20 - fomiing and directing a collimated direct light beam emitted by a CO2 laser to fomi a suitable 
spot at the splice position the forming and directing being made by observing Kg^it emitted by a 
pointing light source^ said li^t having substantially the same beam location and geometry as the 
collimated direct light beam rautted by die CQ2 laser, 

- illuminating &e splice position by tiie formed and duected collunated direct light beam emitted 
25 by the CO2 laser. 

17. A method according to claim 16, characterized in that in the step of forming and 
directing the collimated direct light beam emitted by the CO2 laser, the collimated direct light 
beam is formed and deflected by being reflected by a mirror having a concave surface of nearly 
paraboloid shape, in particular the concave mirror bdng the off-axis paraboloid type. 

30 18- A method according to claim 16, characterized In that in the step of forming and 
directing the collimated direct light beam emitted by the CO2 laser, the collimated direct light 
beam is formed and directed to have a focus located at a relatively small distance of the splice 
position. 

19. A method according to claun 16, characterized in that in the step of forming and 
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directing tf^ coUiznated direct li^ beam emitted by the CQ2 laser, fhe coUimated direct light 
beam is formed and directed to have the spot at the qplice position located at a distance of the 
coUimated direct light beam. 

20. A method according to claim 17, characterized in that in the stq> of fonmng and 
5 durecting the coUimated direct Ug^ beam emitted by die CQ2 laser, the coUumted direct light 
beam is formed and directed by bdng reflected by a concave mirror having a nearly paraboloid 
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ABSTRACT 

Optical fibers (1, l*) are fusion spliced to each othw by vising a CO2 laser (109) hawias «i 
emission wavelength of 9.3 mn. The heat absoiption of the fibers is higjier and the variation of 
the absoiption for smaU deviations of the wavelength is smaller than at the conventional 

5 wavdength of 10.6 (un. As a result, less laser power is needed, the laser construction may be 
more compact and safety problems can easier be handled. The optical axrangemoit for the Ugjit 
beam of the CO2 laser includes deflecting and focusing tiw collimated laser beam (20) onitted by 
the laser using a minor (10) having a curved sur&ce of concave neariy paraboloid shap^ die 
spUce position (30) located at a smaU distance of ttie focus of the mirror and wdl outside ttie 

10 colHmated beam. 

(Fig. 3) 
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